Please cite this article as: Karličić, D., Cajić, M., Adhikari, S., Kozić, P., Murmu, T., Vibrating nonlocal multi-nanoplate system under inplane magnetic field, European Journal of Mechanics / A Solids (2017), doi: 10.1016/j.euromechsol.2017.01.013. This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. High attention was devoted to graphene sheet nanostructure, which enforced the scientist to start developing various theoretical models to investigate its physical properties. Magnetic field effects on nanoplates, especially graphene sheets, have also attracted a considerable attention of the scientific community. Here, by using the nonlocal theory, we examine the influence of in-plane magnetic field on the viscoelastic orthotropic multi-nanoplate system (VOMNPS) embedded in a viscoelastic medium. We derive the system of m partial differential equations describing the free transverse vibration of VOMNPS under the uniaxial in-plane magnetic field using the Eringen's nonlocal elasticity and Kirchhoff's plate theory considering the viscoelastic and orthotropic material properties of nanoplates. Closed form solutions for complex natural frequencies are derived by applying the Navier's and trigonometric method for the case of simply supported nanoplates. The results obtained with analytical method are validated with the results obtained by using the numerical method. In addition, numerical examples are given to show the effects of nonlocal parameter, internal damping, damping and stiffness of viscoelastic medium, rotary inertia and uniaxial in-plane magnetic force on the real and the imaginary parts of complex natural frequencies of VOMNPS. This study can be useful as a starting point for the research and design of nanoelectromechanical devices based on graphene sheets.
M A N U S C R I P T A C C E P T E D
VOMNPS embedded in a viscoelastic medium and under the influence of uniaxial in-plane magnetic field ‫ܪ‬ ௫ .
Introduction
Complex nanoscale systems are made of nanostructures with superior thermal, electric, mechanical, magnetic and other physical properties [1] [2] [3] [4] [5] that makes them convenient for potential application in nanoelectromechanical systems (NEMS) and micro-electromechanical systems (MEMS) [6] [7] [8] [9] [10] [11] . Nanoplate-like nanostructures can be synthetized from different materials to make gold nanoplates, silver nanoplates, boronnitride sheets, ZnO nanoplates, graphene sheets [12] [13] [14] [15] [16] [17] [18] . Studying the vibration behavior of such nanoscale structures may be important step for their optimal application in nanoengineering.
Under complex nanostructure systems we usually mean on nanoscale systems composed of multiple nanorods, nanobeams or nanoplates embedded in certain type of medium. Special class of these systems is multi-nanoplate like system such as multi-layered graphene sheets bonded with certain type of medium. Different studies and research methodologies applied to such systems are presented in the literature by different authors [19] [20] [21] [22] [23] [24] [25] [26] . In theoretical continuum models of graphene sheets, they are observed as both, isotropic and orthotropic materials. Behfar et al. [27] analyzed the vibration behavior of multi-layered graphene sheets system as an orthotropic multi-nanoplate system embedded in elastic medium, where natural frequencies and corresponding modes are found. Arghavan [28] performed an extensive study on mechanical properties and vibration behavior of graphene sheets also using an orthotropic continuum plate theory to model observed nanostructures. Further, Pradhan et al. [29] employed numerical differential quadrature method to study the vibration of single layered graphene sheets using the nonlocal orthotropic plate theory. Finally, Bu et al. [30] observed graphene sheets as anisotropic structures and concluded that such properties are attributed to the hexagonal structure of graphene unit cells. They performed molecular dynamics M A N U S C R I P T
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. medium and subjected to the in-plane magnetic field. For the mechanical model of a graphene sheet, we used a nonlocal Kirchhoff's plate theory. Lorentz forces induced in nanoplates by an applied magnetic field are determined through Maxwell's equations. In this study, we adopted the simply supported boundary conditions for nanoplates. By using the trigonometric method, we obtain closed form expressions for complex natural frequencies of the free transversally vibrating VOMNPS coupled in three different "chain" conditions, "Clamped-Chain", "Cantilever-Chain" and "Free-Chain". In addition, an asymptotic analysis is performed in order to determine critical complex natural frequencies of the system. Analytical results are validated with the results obtained by using the numerical method. Further, a detailed parametric study is conducted for VOMNPS representing the system of multiple graphene sheets embedded in a polymer matrix. The effects of change of nonlocal parameter, magnitude of magnetic field and a number of nanoplates on complex natural frequencies of VOMNPS are investigated for variety of parameters.
Maxwell's relation
According to the classical Maxwell relation [41] , the relationships between the current density ۸, distributing vector of magnetic field ‫,ܐ‬ strength vectors of the electric fields ‫܍‬ and magnetic field permeability η are represented by Maxwell's equations in differential form and can be retrieved as
where vectors of distributing magnetic field ‫ܐ‬ and the electric field ‫܍‬ are defined as
In the above equation, ∇=
‫ܓ‬ is the Hamilton operator, ‫,ݔ(܃‬ ‫,ݕ‬ ‫)ݖ‬ = ‫ݑ‬ ത ௫ ܑ + ‫̅ݒ‬ ௬ ‫ܒ‬ + ‫ݓ‬ ഥ ௭ k is the displacement vector and ۶ = ‫ܪ(‬ ௫ , 0,0) is the vector of the in-plane magnetic field. It is assumed that the inplane magnetic field acts on VOMNPS in the x -direction of each nanoplate. We can write the vector of the distributing magnetic field in the following form
Introducing Eq. (3) into the first expressions of Eq. (1) one obtains
Further, using Eq. (4) into the expressions for the Lorentz forces induced by the in-plane uniaxial magnetic field, yields
Here ݂ ௫ , ݂ ௬ and ݂ ௭ are the Lorentz forces along the ‫,ݔ‬ ‫ݕ‬ and ‫ݖ‬ directions, respectively of the form
In this study, we assume Kirchhoff displacement field ቆ‫ݑ‬ ത ௫ = ‫ݖ−‬
, ‫ݓ‬ ഥ ௭ = ‫ݓ‬ ‫,ݔ(‬ ‫,ݕ‬ ‫)ݐ‬ቇ and the Lorentz forces as
Now, it is possible to obtain generated in-plane force ۴ = ‫‬ ‫ݖ݀‬ /ଶ ି/ଶ and bending moment ‫ۻ‬ = ‫‬ ‫ݖ‬ ‫ݖ݀‬ /ଶ ି/ଶ , which acts on the i-th nanoplate as
It should be note that influences of the bending moments Eq. (8) can be neglected since in the following we consider only thin plate theory for nanoplates, as shown in [44] .
Nonlocal viscoelastic constitutive relation
In this section, we will consider the basic equation of nonlocal elasticity and viscoelasticity in the general and two-dimensional case. In [62] , a constitutive relation for nonlocal stress tensor at a point x is derived in its integral formulation based on the assumption that the stress at a point is a function of the strains at all points of an elastic body. Fundamental form of the nonlocal elastic constitutive relation for a three-dimensional linear, homogeneous isotropic body is expressed as
where ‫ܥ‬ is the elastic modulus tensor for classical isotropic elasticity; ߪ and ߝ are the stress and the strain tensors, respectively, and ‫ݑ‬ is the displacement vector. With ‫ݔ|(ߙ‬ − ‫ݔ‬ ᇱ |, ߬) we denote the nonlocal modulus or attenuation function, which incorporates nonlocal effects into the constitutive equation at a reference point ‫ݔ‬ produced by the local strain at a source ‫ݔ‬ ᇱ . The above absolute value of the difference ‫ݔ|‬ − ‫ݔ‬ ᇱ | denotes the Euclidean metric. The parameter ߬ is equal to ߬ = (݁ ܽ )/݈ where ݈ is the external characteristic length (crack length, wave length), ܽ describes the internal characteristic length (lattice parameter, granular size and distance between C-C bounds) and ݁ is a constant appropriate to each material that can be identified from atomistic simulations or by using the dispersive curve of the Born-Karman model of lattice dynamics.
Because of difficulties arising in the analytical analysis of continuum systems with integral form of constitutive equation, in [63] this form has been reformulated into the differential form of constitutive equation by adopting specific kernel functions. Differential form is proved to be very efficient, simple, and convenient for analytical techniques of solving different vibration and stability analysis problems in nanostructure based systems. The differential form of the nonlocal constitutive relation is given as
where
ଶ is the nonlocal parameter; and ‫ݐ‬ ݆݅ = ‫ܥ‬ ݆݈݅݇ ߝ ݈݇ is the classical stress tensor. From Eq. (10), the constitutive relations for homogeneous elastic nanoplates can be expressed as
where ‫,ܧ‬ ‫ܩ‬ and ߴ are the Young's modulus, shear modulus and Poisson's ratio, respectively. The nonlocal viscoelastic constitutive relation for Kelvin-Voigt viscoelastic nanoplate proposed in paper [73] is a combination of nonlocal elasticity and viscoelasticity theory. For the case of two -dimensional nonlocal viscoelastic orthotropic nanoplates constitutive relations are given as
where ߬ ௗ is the internal damping coefficient of nanobeam, ‫ܧ‬ ଵ , ‫ܧ‬ ଶ and ߴ ଵଶ , ߴ ଶଵ are Young's modulus's and Poisson's ratios, respectively in two orthogonal directions. If ߬ ௗ = 0 i.e. by neglecting the internal viscosity, we than obtain the constitutive relation for nonlocal elasticity. In the follow, we use the constitutive relation for nonlocal viscoelasticity in Eq. (12) to derive governing equations of motion.
Structural problem formulation
Here, we consider the free vibration of VOMNPS composed of m orthotropic viscoelastic nanoplates embedded in Kelvin-Voigt-type viscoelastic medium and under the in-plane uniaxial magnetic field, as shown in Fig.1 . The VOMNPS is modeled as a stack of rectangular simply supported orthotropic nanoplates with same material and geometrical characteristics, with elastic modulus ‫ܧ‬ ଵ and ‫ܧ‬ ଶ , Poison coefficients ߴ ଵଶ and ߴ ଶଵ , shear modulus ‫ܩ‬ ଵଶ , internal damping parameter ߬ ௗ , mass density ߩ, length ܽ, width ܾ and thickness ℎ. Viscoelastic medium located between nanoplates of VOMNPS is modeled via continuously distributed pairs of parallelly connected springs and dampers, also known as Kelvin-Voigt model of viscoelasticity, with stiffness coefficients ݇ and damping coefficients ܾ . It should be noted that each nanoplate in VOMNPS is subjected to the in-plane uniaxial magnetic field in the x direction. We assume that transversal displacements of nanoplates are 
where ‫ݑ‬ , ‫ݒ‬ and ‫ݓ‬ are the displacements of nanoplates in the ‫,ݔ‬ ‫ݕ‬ and ‫ݖ‬ directions, respectively. By using Eq. (13), the strain -displacement relations of the linear strain theory [74] are
where ߝ ௫௫ , ߝ ௬௬ and ߝ ௭௭ are the normal strains, and ߛ ௫௬ , ߛ ௫௭ and ߛ ௬௭ are the shear strains. Based on the Newton's second law for the infinitesimal element of the i-th nanoplate, equilibrium equations can be obtained in the following form
in which ‫ݓ߲‬ ‫ݔ߲/‬ and ‫ݓ߲‬ ‫ݕ߲/‬ are angles of rotation, ߩℎ ଷ 12 ⁄ is the rotary inertia, ܰ ௫௫ , ܰ ௬௬ and ܰ ௫௬ are the inplane stress resultants ‫ܯ‬ ௫ , ‫ܯ‬ ௬ and ‫ܯ‬ ௫௬ are the moment resultants, and ܳ ௫ and ܳ ௬ are the transverse shearing resultants, which are defined as
Introducing Eqs. (15b) and (15c) into the Eq. (15a), and neglecting the in-plane displacements ‫ݑ‬ and ‫ݒ‬ , we obtain the following motion equation of the i-th nanoplate in terms of the stress couple resultants
in which ‫,ݔ(ݍ‬ ‫,ݕ‬ ‫)ݐ‬ is external force caused by viscoelastic medium and in-plane uniaxial magnetic force (Fig.  1b) of the form
Introducing Eq. (14a) into Eq. (12) and using expression (16), yields
where ‫ܦ‬ ଵଵ , ‫ܦ‬ ଵଶ , ‫ܦ‬ ଶଶ and ‫ܦ‬ are the bending rigidities of orthotropic viscoelastic nanoplates which are expressed as
Finally, by using Eqs. (17) and (20), we obtain governing equations of motion in terms of transversal displacement of the i-th nanoplate in the following form (22) or in the dimensionless form
for ݅ = 1,2,3 … , ݉, where dimensionless parameters are defined as
Assuming the simply supported boundary conditions for all nanoplates in VOMNPS, we can write the following mathematical expressions
In this study we assumed analytical solutions in the form of double Fourier series in which transverse displacement ‫ݓ‬ is expanded into a double trigonometric series in terms of unknown parameters as shown in [76, 77] . Considering that the nanoplates in VOMNPS are simply supported Eq. (25), assumed solution for the ith nanoplate is of the form
where ݆ = √−1, ߙ = ‫;ߨݎ‬ ߚ = ݊ߨ ‫,ݎ(‬ ݊ = 1,2,3, … ); ܹ , Ω ( ݅ = 1,2,3, . . , ݉) are amplitudes and complex natural frequencies, respectively. In the papers [27, 74, 75] assumed displacement field satisfies the given boundary conditions, and it is independent of the influence of other nanoplates in multi-nanoplate system. In the continuation of this study, we will consider three cases of coupling of VOMNPS with a fixed base and corresponding exact closed form solutions for complex natural frequencies.
"Clamped-Chain" system
In the case of "Clamped-Chain" system, the first and the last nanoplate in the model of VOMNPS are connected with the fixed base through the viscoelastic medium represented by layers with stiffness coefficients ݇ and ݇ and damping coefficients ܾ and ܾ as shown in Fig. 2 . Coupling conditions for this chain system in dimensionless form are 
In [76] , the methodology of obtaining the analytical solutions for natural frequencies of homogeneous elastic and viscoelastic complex systems is presented. Based on that, we supposed the solution of the i-th algebraic equation in (19) as
Introducing assumed solution (31) into the ݅ − ‫ݐ‬ℎ algebraic equation of the system (29), we obtain two algebraic equations, where constants M and N are not simultaneously equal to zero
After some algebra we obtain
in which, ܰ ≠ 0 and ‫݅(ݏܿ‬ ߮ ) ≠ 0 or ‫ܯ‬ ≠ 0 and ‫݅(݊݅ݏ‬ ߮ ) ≠ 0 for the case when the system has an oscillatory behavior, for ݅ = 2,3, … , ݉ − 1. Now, from Eq. (33), we get the complex natural frequency equation of the form
where ߮ is unknown parameter determined from the first and the last equation of the system of algebraic equations (29) i.e. from the boundary conditions of the "Clamped -Chain" system. Using the Eq. (21) for the first and for the last equation of the system (29) i.e. ܹ ଵ = ‫߮ݏܿܰ‬ + ‫ܯ‬ ‫߮݊݅ݏ‬ and ܹ ଶ = ‫߮2(ݏܿܰ‬ ) + ‫ܯ‬ ‫߮2(݊݅ݏ‬ ) into the first equation and ܹ ିଵ = ‫݉(‪ሾ‬ݏܿܰ‬ − 1)߮ ሿ + ‫ܯ‬ ‫݊݅ݏ‬ሾ(݉ − 1)߮ ሿ and ܹ ିଵ = ‫߮݉(ݏܿܰ‬ ) + ‫ܯ‬ ‫߮݉(݊݅ݏ‬ ) into the last equation, we obtain the system of algebraic equations, from which we can find unknown parameter ߮ , as 
from which we have M A N U S C R I P T
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Solutions of Eq. (38) are complex natural frequencies of VOMNPS given as
where the imaginary part of Eq. (40) represents damping ratio and the real part represents damped natural frequency.
"Cantilever -Chain" system
For "Cantilever -Chain" system we assume that the first nanoplate is connected to the fixed base through the viscoelastic medium with stiffness coefficient ݇ and damping coefficient ܾ while the last nanoplate in the system is free on the top face where ݇ = 0 and ܾ = 0. Therefore, in this case we have the following coupling conditions in the dimensionless form ‫ݓ‬ ഥ (ߦ, ߞ, ߬) = 0, ‫ݓ‬ ഥ ାଵ (ߦ, ߞ, ߬) = 0 and ‫ܭ‬ = 0, ‫ܤ‬ = 0, 
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where ܵ መ and ‫ݒ−‬ ො are defined in Eq. (30). Applying Eq. (31) into the ݅ − ‫ݐ‬ℎ algebraic equation of the system (43), we obtain the same two trigonometric expressions as in the previous case, which leads to a complex natural frequency equation ܵ = ‫ݒ2‬ ො ‫߮ݏܿ‬ . Different chain conditions of coupling for the first and the last nanoplate in VOMNPS with a fixed base leads to a change in the system of algebraic equation (43) . Therefore, it is necessary to find new value of unknown parameter ߮ from the first and the last equation of the system (43) . Introducing ܹ ଵ = ‫߮ݏܿܰ‬ + ‫ܯ‬ ‫߮݊݅ݏ‬ and ܹ ଶ = ‫߮2(ݏܿܰ‬ ) + ‫ܯ‬ ‫߮2(݊݅ݏ‬ ) into the first equation and ܹ ିଵ = ‫݉(‪ሾ‬ݏܿܰ‬ − 1)߮ ሿ + ‫ܯ‬ ‫݊݅ݏ‬ሾ(݉ − 1)߮ ሿ and ܹ ିଵ = ‫߮݉(ݏܿܰ‬ ) + ‫ܯ‬ ‫߮݉(݊݅ݏ‬ ) into the last equation of (43), we obtain the new system of algebraic equations as
The non-trivial solutions for constants ܰ and ‫ܯ‬ are obtained from the above system, which yields the following trigonometric relation
where unknown ߮ ,௦ is obtained for the "Cantilever-Chain" system as
Introducing the parameter ߮ ,௦ into Eq. (34) instead of ߮ , the complex natural frequency equation is obtained as in the previous case
where the only difference is in the parameter ߮ ,௦ and
The solution of Eq. (47) represents the complex natural frequency of VOMNPS of the form
"Free-Chain" system
Next, we consider the system where the first and the last nanoplate are without coupling with the fixed base, where coupling conditions in dimensionless form are M A N U S C R I P T
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. Fig. 4 Side view of VOMNPS embedded in the viscoelastic medium and under the influence of uniaxial in-plane magnetic force, "Free-Chain" systems.
Using the chain coupling conditions for the "Free-Chain" system Eq. (50) and assumed solution (26) , from the equation of motion Eq. (23) we obtain the following system of algebraic equations
or in the matrix form
where expressions ܵ መ and ‫ݒ‬ ො are defined in Eq. (30). By using assumed solution Eq. (31) into ݅ − ‫ݐ‬ℎ algebraic equation of the system (52), we get the complex natural frequency equation in the same way as in the previous cases. We have that ܵ መ = ‫ݒ2‬ ො ‫߮ݏܿ‬ , where ߮ is unknown parameter determined from the first and the last equation of the system of algebraic equations (52) i.e. boundary conditions of the "Free-Chain" system. Applying solutions for the first and the second amplitude, ܹ ଵ = ‫߮ݏܿܰ‬ + ‫ܯ‬ ‫߮݊݅ݏ‬ and ܹ ଶ = ‫߮2‪൫‬ݏܿܰ‬ ൯ + ‫ܯ‬ ‫݊݅ݏ‬൫2߮ ൯, into the first equation and ܹ ିଵ = ‫݉(‪ൣ‬ݏܿܰ‬ − 1)߮ ൧ + ‫ܯ‬ ‫݊݅ݏ‬ൣ(݉ − 1)߮ ൧ and ܹ ିଵ = ‫߮݉‪൫‬ݏܿܰ‬ ൯ + ‫ܯ‬ ‫݊݅ݏ‬൫݉߮ ൯ into the last equation of system (52), and after some algebra we obtain
Where the non-trivial solution leads to the trigonometric equations in the following form M A N U S C R I P T A C C E P T E D
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Introducing the parameter ߮ ,௦ into Eq. (34) instead of ߮ , the complex natural frequency equation is obtained as
Finally, the solution of Eq. (56) represents the complex natural frequency of VOMNPS in the form
Asymptotic values of complex natural frequency
Here, we consider the case when a number of viscoelastic orthotropic nanoplates tends to infinity i.e. we introduce ݉ ⟶ ∞ into the expressions for complex natural frequency (40), (49) and (58) . Since the expressions for the parameter ߮ are equal to zero in all cases ൫߮ ,௦ , ߮ ,௦ , ߮ ,௦ ൯ = 0, we conclude that there is an independent critical value of the complex natural frequency, also called fundamental complex natural frequency, regardless to the chain coupling conditions, defined as 
The real parts of complex natural frequencies represent the critical damped natural frequencies of VOMNPS, while imaginary parts of complex natural frequencies represent the critical damped ratios. In the case when the real parts of critical complex natural frequencies are equal to zero, we can obtain the critical values of internal damping as
It should be noted that both parts of critical complex natural frequencies are functions of nanoplates material parameters and are independent of a number of nanoplates, chain coupling conditions and influences of the viscoelastic medium.
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conducted by investigating the effects of dimensionless nonlocal parameter, internal viscosity, magnetic field parameter and aspect ratios on dimensionless real and imaginary parts of complex natural frequency. Obtained results are discussed and some conclusions are made.
Validation of the results
In order to illustrate the accuracy of the proposed trigonometric method, we performed numerical simulations for three and five nanoplates in simply supported VOMNPS embedded in viscoelastic medium and for three different chain conditions "Clamped-Chain", "Cantilever-Chain" and "Free-Chain". By browsing the literature, the authors have found that some researchers [27-31, 77, 78] , based on different approaches (molecular dynamic simulation, lattice structure, nonlocal continuum mechanics), investigated elastic properties of a single layer graphene sheet. They obtained two values of Young elastic modulus for two perpendicular/orthogonal directions, i.e. in that case the graphene sheet can be considered as orthotropic plate [74] . Based on that fact, the authors adopted continuum model for a single layer graphene sheet as thin orthotropic plate, where size effects are introduced through Eringen's nonlocal elasticity theory. Moreover, in the present work we investigate the system of multiple graphene sheets embedded in polymer matrix as a system of multiple viscoelastically coupled orthotropic nanoplates, where such model is more general than using the isotropic nanoplate model. However, present model can be easily modified to investigate a system of isotropic nanoplates only by using the following assumptions ‫ܧ‬ ଵ = ‫ܧ‬ ଶ = ‫ܧ‬ and ߴ ଵଶ = ߴ ଶଵ = ߴ.
In given numerical examples, the following values of parameters are adopted: length ܽ = 9.519 ሾ݊݉ሿ and width ܾ = 4.844 ሾ݊݉ሿ, elastic modules of orthotropic nanoplates as ‫ܧ‬ ଵ = 2.434 ሾܶܲܽሿ and ‫ܧ‬ ଶ = 2.473 ሾܶܲܽሿ, Poisson's ratios ߴ ଵଶ = ߴ ଶଵ = 0.197, thickness of nanoplates ℎ = 0.129 ሾ݊݉ሿ and mass density ߩ = 6316 ሾ݇݃/݉ ଷ ሿ, [77, 78] . The coefficients of viscoelastic media, magnetic field parameter and internal damping coefficient are considered as dimensionless parameters ‫ܭ‬ = 100, ‫ܤ‬ = 10, ‫ܲܯ‬ = 10 and ܶ = 0.01. These material and geometric parameters for orthotropic viscoelastic nanoplates are adopted from the paper [73] .
One can notice an excellent agreement between the results obtained from the analytical and the numerical method (Table 1) . Further, it can be noticed that the highest complex natural frequency in the "Clamped-Chain" system is the same and does not depend on the number of nanoplates in VOMNPS. The lowest value of the complex natural frequency, determined for ‫ݏ‬ = 1, decreases with an increase of the number of nanoplates. In the case of "Cantilever-Chain" system, the highest complex natural frequency increases while the lowest one (also for ‫ݏ‬ = 1) decreases for an increase of the number of nanoplates in VOMNPS. Finally, for the case of "Free-Chain" system, the lowest complex natural frequency determined for ‫ݏ‬ = 0 is the same while the highest one increases for an increase of the number of nanoplates in VOMNPS. The lowest value of complex natural frequency in the last case is equivalent to the fundamental complex natural frequency of the system obtained from asymptotic analysis when the number of nanoplates tends to infinity. 
the lowest complex natural frequency for different number of nanoplates in VOMNPS. In the case of "ClampedChain" system, it can be observed that the real part of complex natural frequency i.e. damped natural frequency decreases significantly for an increase of nonlocal parameter. The imaginary i.e. damping ratio part of the complex natural frequency increases significantly for an increase of the internal viscosity and it decreases for an increase of the nonlocal parameter. In the case of "Cantilever-Chain" system, the real and the imaginary part of complex natural frequency decreases for an increase of the nonlocal parameter. In addition, the real part of complex natural frequency slightly decreases whereas the imaginary part increases for an increase of internal viscosity. The same influence of internal viscosity and nonlocal parameter can be recognized in the case of "Free-Chain" system. An increase of nonlocal parameter decreases complex natural frequency whereas an increase of internal viscosity decreases the real part of frequency and increases the imaginary part. However, for the last chain conditions the lowest complex frequency is the same for different numbers of nanoplates in VOMNPS and it is obtained for ‫ݏ‬ = 0. Thus, we conclude that the lowest frequency is in fact the fundamental complex natural frequency. Therefore, on the same figure we plotted the complex natural frequency of "Free-Chain" system for ‫ݏ‬ = 1 and observed that for a significant increase of a number of nanoplates complex frequency tends to the fundamental frequency, which is in line with the asymptotic analysis. Next, the common conclusion is that the complex natural frequency decreases for an increase of a number of nanoplates in VOMNPS. In Fig. 6 , the real and imaginary part of complex natural frequency are plotted for changes of magnetic field parameter MP and aspect ratio ܴ and other parameters same as in Table 1 . One can notice that when no or weak magnetic field is applied to VOMNPS, the real part of complex natural frequency increases for an increase of aspect ratio starting from low values of frequency. However, for applied stronger magnetic field the real part of complex natural frequency decreases significantly for an increase of aspect ratio ܴ starting from much higher values of frequency. This effect can be recognized for all three cases of chain conditions. In addition, for the "Clamped-Chain" and "Free-Chain" systems the imaginary part of complex natural frequency slightly increases for an increase of aspect ratio whereas it is constant for changes of magnetic field parameter. In the "Cantilever-Chain" system, an increase of the imaginary part of complex natural frequency for an increase of aspect ratio is more pronounced than in the previous two cases while the frequency is constant for changes of magnetic field parameter. Further, in all three cases of chain conditions the value of complex natural frequency decreases for an increase of a number of nanoplates in VOMNPS.
Next, we illustrate the influence of aspect ratio ߜ and damping coefficient B of the viscoelastic medium on the complex natural frequency of VOMNPS. The values of other parameters are same as in the previous cases. In Fig. 7 , it can be noticed that an increase of damping coefficient almost has no visible effects on the real part of complex natural frequency except for the slight decrease of frequency for lower number of nanoplates in VOMNPS, especially in the case of "Free-Chain" system. The imaginary part of complex natural frequency increases for an increase of damping coefficient for all cases of chain conditions. The effect of increase of aspect ratio ߜ is a decrease of complex natural frequency. In general, an increase of a number of nanoplates in VOMNPS decreases the complex natural frequency.
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. Further, we show the influence of nonlocal parameter, different chain conditions and significant change of a number of nanoplates in VOMNPS on the real and imaginary part of the lowest complex natural M A N U S C R I P T A C C E P T E D
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. ‫ݏ‬ = 1. For curves of "Clamped-Chain" and "Cantilever-Chain" it can be noticed that they are approaching to the curve of the lowest complex natural frequency of "Free-Chain" system i.e. the fundamental frequency, for an increase of the number of nanoplates in VOMNPS. From the detailed parametric study, it can be noticed that the influence of magnetic parameter on the real part of complex natural frequency i.e. the damped natural frequency of VOMNPS is significant. However, an increase of aspect ratio by increasing the length or height of nanoplate in the direction of magnetic field can reduce its influence on the real part of complex natural frequency of the system dramatically. This effect is also recognized in theoretical studies analyzing the vibration behavior of CNTs with applied magnetic field in the direction of the length of nanotube. The results presented in this study may be significant for the future investigations of complex nanostructure systems exploited in the presence of magnetic field.
Conclusion
In this paper, we summarized current advances in the field of theoretical analysis of mechanical behavior of complex nanostructure systems such as nanoplate-like structures in the presence of magnetic field. Further, we performed the free vibration study of VOMNPS embedded in the viscoelastic medium and under the influence of in-plane magnetic field by using nonlocal theory. Explicit equations for complex natural frequencies are determined via trigonometric method. In addition, by performing the asymptotic analysis we determined critical values of complex natural frequency and internal damping. From obtained numerical results, characteristic behaviors of complex natural frequencies are identified for changes of nonlocal parameter, internal damping parameter, magnitude of a magnetic field, damping coefficient of the layers and different numbers of nanoplates in VOMNPS. The results revealed that the influence of magnetic field on the real part of complex natural frequency is significant but it strongly depends on the dimension of a nanostructure in the direction of magnetic field i.e. an increase of aspect ratio decreases the influence of magnetic field parameter. The methods used in this work can be useful for the future vibration studies of complex nanostructure systems that consider models with included influence of different physical fields. • The nanoplate system is embedded in a viscoelastic medium.
• Nonlocal elasticity theory is used.
• Closed form solutions for complex natural frequencies are derived.
• Analysis shows that the influence of magnetic field on the real part of complex natural frequency is significant.
• However it strongly depends on the dimension of a nanostructure in the direction of magnetic field.
